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KLKCXRONXC APPARATUS WITH BACKLIGHTING DEVICE 



BACKGROUND OF THE INVENTION 



!w 15 




1- Field of the Invention 

The present invention relates to an electronic apparatus , 
and more particularly, to an electronic apparatus equipped with 
a backlighting device for backlighting a display and an input 
device . 

2. Description of the Prior Art 

electronic apparatus such as typically a cellular phone 
terminal, iters onal -handy phone system (PHS) terminal, a portable 
LO\ information pressing device, an electronic databook, a pager. 
\/ Netc is provided wi^ a display such as an liquid -crystal display 
and an input device havi^a plurality of keys to display or edit 
/ necessary information. A refeejit electronic apparatus is also 
provided with a backlighting devi^e^ to make the display visible 
in a dark place and to prevent erroneoiTs^perations in the input 
device during input operations . For examples when characters or 
symbols are input through the keypad in a data^input mode, the 
backlighting device automatically backlights the dismay and the 
input device, allowing easy data input operation i_n a darX^place. 

HoweverT"T&--backlighting device also consumes current 
correspondingly and continuous^baekiighting consumes power more 
than necessary. Thus , various improvement sal^niagLat more 
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ficient power consumption in the backlighting have "been 
proposed. There has been widely known, for example, an 
electronic apparatus having a timer therein to control the 
backlighting time. More specifically, the electronic apparatus 
turns on the backlighting device and starts time measurement by 
the timer whej* a key input operation is made . After a lapse of 
a predetermineuM^lme, the backlighting is automatically turned 
off. Such a configuration can avoid a reduction of the life of 
a battery caused by\ong-time lighting induced by the user 
10 forgetting to turn it off, etc. 

thermore, as another conventional example, the ON/OFF 
control technique for the backlighting has been disclosed in 
n S^^Japanese Patent Laid -Open No. 9-252342. More specifically, a 
portable telephone with a backlit display is provided with, a 
UJ light-Intensity detector that detects surrounding light 

"~ ^^Intenslty , a time-of -da-Jvclock, and a battery monitor that detects 
the remaining quantity of aSbattery. And the brightness of the 



backlit display is determine d^ased on the surrounding light 
intensity, the time of day, and tlJfe^ remaining quantity of the 
mattery . 

.However, in the prior art that controls the backlighting 
'time witn^a timer , the backlighting turns on for a predetermined 
time with constant brightness. Accordingly, when a key is 
pressed once, theShacklighting continues for a while even after 
25 the press of the key/N^ius consuming power more than necessary. 
Furthermore, when key inpbi operations are performed 
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snsecutively , one key operation is followed by another key 
operation before the backlight lighting time for the first key 
operation times out. As a result the backlighting remains 
continuously which accelerates the shortening of the life of 
the battery* This power consumption is particularly noticeable 
when Input operations are carried out for a long time 
consecutively in data ruput mode, which is set to make use of 
functions such as mail transmission /reception and registration 
of telephone numbers in a telephone directory. 
10 ^^Furthermore . the portable telephone disclosed in the 

Japanese patent Laid- Open No. 9-252342 determines the brightness 
based on the^surrounding light intensity , the time of day, and 
the battery remaining quantity to adjust the brightness of the 
backlighting. Thifce, since the brightness is adjusted 
Irrespective of the screen display status and operating mode, 
the brightness is set t6^a level higher than necessary, which 
leads to acceleration of pdwer consumption. Moreover, the 
brightness of the backlight in g^is generally set to a relatively 
high level attaching greater importance to visibility and design 
20 factors . But from the standpoint of deducing power consumption 
it is desirable to reduce the brightness\x> a necessary minimum 
level, especially in a battery-powered electronic device. 



SUMMARY OF THE INVENTION 
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The present invention has been achieved by taking into 
account the points as described above and it is an object of the 
present invention to provide an electronic apparatus and a control 
method capable of suppressing excessive power consumption wnile 
5 maintaining necessary brightness. 

According to an aspect of the present invention, an 
electronic apparatus includes: a display section; an input 
section having a plurality of keys; a backlighting section for 
backlighting the display section and/ or the input section: a mode 

10 detecting section for detecting a currently set operation mode 
that is one of predetermined operation modes when performing a 
function; and a backlighting control section for controlling 
brightness of the backlighting section depending on the currently 
set operation mode. 

15 Tlie predetermined operation modes may Include a data input 

mode and a data display mode, wherein the backlighting control 
section reduces the brightness of the backlighting section when 
the data input mode has been set. 

The electronic apparatus may further include a mobile 

20 telephone section performing a mobile telephone function. The 
predetermined operation modes may include a data input mode, a 
data display mode and a communication status display mode . The 
mobile telephone section may have a plurality of functions 
including a voice communication function, a mailing function, 

25 a short -messaging function, a phone directory function, a 
scheduling function, and a game function. The backlighting 
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control section may reduce the brightness of the backlighting 
section when the data input mode has been set. 

The electronic apparatus may further include an information 
processing section on which one of a plurality of programs runs 
5 to generate a corresponding function. The predetermined 

operation modes may include a text mode, a graphic mode, a display 
mode, a data input modes, and a data display mode, which are 
operation modes in a function that is one of previously installed 
functions and functions to be generated by a plurality of 

10 application programs. The backlighting control section may 

reduce the brightness of the backlighting section when the data 
input mode has been set. The plurality of programs may include 
a brightness designation program, wherein the backlighting 
control section controls brightness of the backlighting section 

15 depending on a designated brightness level obtained by running 
the brightness designation program on the information processing 



brightness -change selector for selecting one of a change mode 
20 and a no- change mode in brightness depending on a user's 

instruction Inputted through the input section, wherein the 
backlighting control section changes the brightness of the 
backlighting section depending on the currently set operation 
mode when the change mode is selected and does not change the 
25 brightness of the backlighting section when the no- change mod© 
is selected. 



section . 



The electronic apparatus may further include a 
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The backlighting control section may include: a brightness 
determining section for determining brightness of the 
backlighting depending on a currently set operation mode to 
produce a brightness determination signal; and a brightness 
5 control section for controlling the brightness of the 

backlighting depending on the brightness determination signal. 
The brightness determining section may determine brightness of 
the backlighting as one of a plurality of brightness levels 
depending on the currently set operation mode. The brightness 

10 control section may control the brightness of the backlighting 
depending on a determined brightness level. 

The brightness control section may include: a plurality 
of resister circuits connected to each of a plurality of 
light -emitting elements provided in the backlighting section, 

15 the resister circuits having different resistance values 
corresponding to the plurality of brightness levels , 
respectively; and a selector for selecting one of the resister 
circuits depending on the determined brightness level to adjust 
an amount of current flowing through each of the light -emitting 

20 elements in the backlighting section. 

The brightness control section may include a chopper 
circuit connecting a power supply to the backlighting section, 
for adjust an amount of current flowing through each of the 
light -emitting elements in the backlighting section depending 

25 on the determined brightness level. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing an internal circuit 
configuration of a portable telephone that is an electronic 
apparatus according to an embodiment of the present invention; 

5 FIG. 2 is a block diagram showing a brightness control 

circuit employed in an electronic apparatus according to a first 
embodiment of the present invention: 

FIG. 3 is a block diagram showing a brightness control 
circuit employed in an electronic apparatus according to a second 
10 embodiment of the present invention ; 



FIG . 4 is a circuit diagram showing an example of a 
combination of LED controller and a LED unit in the electronic 
apparatus according to the first or second embodiment ; 

FIG. 5 is a circuit diagram showing another example of a 
combination of LED controller and a LED unit in the electronic 
apparatus according to the first or second embodiment; 



FIG. 6 is a flow chart showing a backlighting control 
operation of an electronic apparatus; and 
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FIG . 7 is a fXow chart showing another* backlighting control 
operation of the electronic apparatus. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

With reference to the attached drawings, preferred 
5 embodiments of the present invention will be described in detail 
hereafter. Here, a mobile telephone terminal is taken as an 
example. Needless to say, the present invention is also 
applicable to another type of electronic apparatus such as a PHS 
terminal, a pager, or an information processing device. 

10 Referring to FIG, 1, a mobile telephone is provided with 

a liquid- crystal display (LCD) 101 and an input device, which 
are backlit by a backlighting LED unit 103 under control of a 
control unit 105. The input device 102 is a key operation section 
composed of a ten -key pad and other necessary keys including an 

15 enter key and a power on /off key- The backlighting LED unit 103 
has a plurality of light -emitting diodes (LEDs) therein. 

The LCD 101 is driven by an LCD driver 104 controlled by 
the control unit 105. The control unit 105 includes a channel 
codec, a microprocessor, a read-only memory (ROM), and other 

20 necessary components, which are not shown in FIG. l. The ROM 
stores various control programs, which are to run on the 
microprocessor. The control programs may include a mode 
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detection program, a brightness control program, and mobile 
telephone control programs . 

The mobile telephone is further provided, with a brightness 
controller 106, an LED controller 107, and a power controller 
5 10B. The brightness controller 106 controls the LED controller 
107 depending on a mode detection signal (MODE) received from 
the control unit 105. The LED controller- 107 Inputs a power- 
supply voltage from the power controller 108 and supplies a 
controlled power to the backlighting LED unit 103 under control 

10 of the brightness controller 106 . Therefore, the light intensity 
of the backlighting LED unit 103 is controlled depending on the 
mode detection signal. 

A brightness control circuit according to a first 
embodiment of the present invention will be described with 

15 reference to FIG. 2. 

As shown in FIG. 2, an electronic apparatus 1 such as a 
mobile telephone terminal or an Information processing device 
includes a mode setting section 10, a mode detecting section 20, 
a brightness controller 30, an LED controller 40 and a 

20 backlighting led unit 50. 

The mode setting section 10 sets an operating status (mode) 
regarding the display or input device when the functions 
incorporated in the electronic apparatus 1 axe executed. The 
functions incorporated in the electronic apparatus 1 include a 

25 voice communication function, electronic-mailing function, 
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short -messaging function, telephone directory function, 
scheduling function, game playing function, and the likes. 

The mode setting section 10 can select one of a plurality 
of modes including data input mode that allows data input using 
5 the input device of the electronic apparatus, data displaying 
mode that displays stored data on the display, communication 
status displaying mode that displays communication-related 
information, and the likes. 

The incorporated functions and the modes have the following 
10 relationship. For example, the electronic-mailing function has 
a mail creation mode, a transmission mode, and a reception mode, 
etc. The mail creation mode needs the data input mode. It is 
±f% also necessary to set the data input mode for the telephone 

/"I directory function and the scheduling function. In this way, a 

LlJ 15 plurality of modes are set for a single function and mode switching 

may be made even when a function is in progress. 
CP The mode detecting section 20 detects the mode that is set 

f== by the mode setting section 10 - This detection can be performed 

iy by receiving a mode setting signal indicative of the content o£ 

fy 20 the mode from the mode setting section 10. After reception of 
hJ the mode setting signal, the mode detecting section 20 outputs 

a mode detection signal. The brightness controller 30 determines 
the brightness of the backlighting LED unit SO based on the mode 
detection signal received from the mode detecting section 20. 
25 The brightness refers to the level of lightness obtained by 
measuring luminous intensity or light intensity. 
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For example, the brightness controller 30 can reduce the 
"brightness of the backlighting LED unit 50 when a mode detection 
signal indicates that the currently set mode is the data input 
mode. If such a determination is made, it is possible to reduce 
5 the brightness of the backlight conventionally set to a relatively 
high level taking into account the visibility of the user and 
design factors to a minimum level necessary for displaying* 
Therefore, it is possible to suppress excessive power 
consumption. 

10 The LED controller 40 adjusts and controls the backlighting 

LED unit 50 in accordance with the brightness determined by the 
^ brightness controller 30. The backlighting LED unit 50 is 

y configured by leDs ( light -emitting diodes) or EL 

1 (electroluminescent) elements . And the backlighting led unit 50 

U 15 backlights the display such as LCD and the keys of the input 
g device . 

Such a configuration makes it possible to determine and 
3 adjust the brightness of the backlighting LED unit 50 suitable 

"~ for each of the modes of the functions Incorporated in the 

U 20 electronic apparatus 1 . Therefore, it is possible to efficiently 
!= 7 consume power and extend the life of the battery. 

Referring to FIG. 3, the electronic apparatus 1 can also 
be provided with a brightness selecting section 60. that allows 
the user to determine whether the brightness of the backlight 
25 should be changed or not. The brightness selecting section 60 
causes a display section 70 to display a selection instruction 
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such as "Do you change brightness of backlight? YES=1 , NO=0" ox 
"Do you wish power saving when entering characters? YES=1, NO=0 CT . 
The display section 70 is not limited to an LCD, but can be 
configured by anything that has the function of ais playing 
5 information and images and needs illumination by backlighting. 

Then, the brightness selecting section 60 receives the 
selection result input through the input section 80 and sends 
the selection result signal to the brightness controller 30 . The 
brightness controller 30 determines the brightness of the 

10 backlighting LED unit 50 based on the received selection result 
signal and the mode detection signal sent from the mode detecting 
section 20- Provision of this brightness selecting section 60 
allows the user of the electronic apparatus 1 to change or adjust 
the brightness of the backlighting LED unit 50 at the user's 

15 discretion. Thig allows the user to adjust the display section 
70 to the most required brightness and therefore save power 
consumption effectively. 

As shown in FIG. 4, the LED controller 40 is provided with 
a power control circuit 42 composed of a plurality of pairs of 

20 resistors 41.1 and 41.2 connected in pox-all© 1 corresponding in 
number with LEDs 51, which are a plurality of light-emitting 
diodes making up the backlighting led unit 50* And a selector 
switch 43 selects one of the resistors 41.1 and 41.2 to supply 
the power supply voltage to a selected one depending on the 

25 brightness control signal received from the brightness 
controller 30. 
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Here, each of the plurality of LEDs 51 is connected in series 
with a corresponding one of the resistors 41.1 and 41,2. The 
number of resistors connected to a single LED is determined 
depending on the number of brightness levels . The resistance 
5 values of the resistors are determined depending on the brightness 
of the backlighting LED unit 50. For example. In the case where 
brightness is set to one of three levels, three resistors 41. l f 
41.2, and 41.3 having resistance values each corresponding to 
the three levels of brightness are provided for each of the LEDs 

10 51. The selector switch 43 selects one of the resistors 41.1. 
41.2, and 41.3 depending on the brightness determined by the 
brightness controller 30 . 

In FIG. 4 f two resistors 41.1 and 41.2 are connected to 
each LED 51, but the number of resistors is not limited to 2. 

15 As the selector switch 43, a 3-posltion slide switch is used, 
but the selector switch 43 is not limited to this. 

As shown in FIG, 5, the LED controller 40 can also be 
provided with a chopper circuit 44. The chopper circuit 44 
normally outputs an intermittent rectangular pulse or saw-tooth 

20 pulse current. Therefore, it is possible to control the 

brightness of the LEDs 51 by adjusting the average output while 
changing the shape of a pulse or the interval between the rising 
and falling edges. Since this control enables analog-like 
changes , it is possible to adjust the brightness of the 

25 backlighting LED unit 50 best suited to the currently set mode* 
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Such a configuration of the LED controller 40 makes it 
possible to easily adjust the brightness of the LEDs 51 f that 
is, the brightness of the backlighting LED unit 5 0 with a simple 
circuit configuration. Thue , it is possible to provide efficient 
5 power consumption saving and thereby extend the life of the power 
supply. Beside the above configuration, the LED controller 40 
can also be configured by an inverter controller or variable 
resistor allowing adjustment of current flowing through the LEDs 

51. 

10 Hereafter, taking a mobile telephone terminal 1 of FIG. 

3 as an example, a brightness adjustment operation thereof will 
be described. 

Referring to FIG. 6, when power is turned on (step S10) , 
the mobile telephone terminal 1 is placed in a standby state 

15 waiting for a call to arrive. In this state, it is assumed that 
the backlighting LED unit 50 is not driven- Then, the brightness 
selecting section 60 determines whether the brightness of the 
backlighting is set to be changeable by a selection instruction 
of the user (step S12) . When the brightness of the backlighting 

20 is set to be changeable (YES at step S12) , the display 70 displays 
a selection instruction menu to prompt the user to determine 
whether the brightness of the backlighting LED unit 50 should 
be changed or not, that is, whether a power-saving mode should 
be set or not (step S14). 

25 In response to the display of this selection instruction 

menu, when the result of selection whether the brightness should 
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be changed or not is input from the input device 80 (step S16). 
the selection result signal is stored in a memory (not shown) 
via the brightness selecting section 60. In the case where the 
brightness of the backlighting is not set to selection mode (NO 
5 at step S12), neither step S14 nor step S16 is performed. 

Thereafter, when an operation to execute a function 
incorporated in the mobile telephone terminal 1 is performed 
through the input device 80, a function menu is displayed on a 
screen of the display 70 (step S18) . When a function to be 

10 executed is selected from the function menu displayed (step S20) , 
the initial image o£ the selected function is displayed on the 
display 70 and thereby the mode setting section 10 sets a mode 
for the selected function (step S22 ) . After the setting, the mode 
detecting section 20 detects the content o£ the mode set by the 

15 mode setting section 10 (step S24) - A mode detection signal 
indicative of the setting content is sent to the brightness 
controller 30 . 

In the case where the selection result has been input at 
the step S16, the brightness controller 30 receives the mode 
20 detection signal from the mode detection section 20 and the 



selection result signal from the memory via the brightness 
selecting section 60- 

The brightness controller 30 then determines whether the 
brightness of the backlighting should be changed or not , depending 
25 on the mode detection signal or both the detection signal and 
selection result signal (step S26). When it is determined that 
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the brightness of the backlighting should be changed (YES at step 
S26) , the brightness of the backlighting LED unit 50 is determined 
(step S28 ) . The determined brightness is sent from the 
brightness controller 30 to the LED controller 40 as a 
5 determination signal. Then, the LED controller 40 adjusts the 
brightness of the backlighting LED unit 50 depending on the 
determination signal (step S30 ) . When it is determined at the 
step S26 that the brightness of the backlighting should not be 
changed (NO at step S26), neither the step S28 nor the step S30 

10 is performed. Thereafter, the steps S24-S30 are repeatedly 
performed every time the mode Is switched (YES at step S32 ) . 

Such a configuration of the mobile telephone terminal 1 
makes it possible to adjust the brightness of the backlighting 
LED unit 50 depending on a currently set mode. This configuration 

15 also allows the user to change the brightness of the backlighting 
LED unit 50 at the user's discretion. This makes it possible to 
suppress power consumption at the backlighting LED unit 50 to 
a necessary minimum and thereby extend the life of the battery* 
The steps S12. S14 and SX6 (setting of brightness selection 

20 by the user) can also be performed after the step S18. That is, 
it is also possible to display menu items such as "power -saving 
mode" and "illumination adjustment mode" in the function menu 
and to perform the steps SI 4 and S16 depending on the user's 
selection. Furthermore, after the selection result has been 

25 input at the step S16 , it is also possible for the brightness 
selecting section 60 to continue to output the selection result 
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signal to the brightness controller 30. In this case, when the 
brightness controller 30 receives a mode detection signal, the 
brightness controller 30 determines the brightness of the 
backlighting based on the detection signal and selection result 
5 signal. 

Hereafter, taking a portable information processing device 
of FIG. 2 as an example, a brightness adjustment operation thereof 
will be described. In this case, the brightness adjustment is 
performed depending on a currently set mode of an Incorporated 
10 function and an executed program . 

The electronic apparatus 1 in this embodiment is a portable 
Information processing apparatus typified by a portable personal 
'Z, computer, a mobile tool, an electronic databook, etc. The 

^ portable information processing apparatus 1 has a configuration 

[y 15 as shown in FIG . 2 as in the case of the first embodiment . However, 
-J the portable information processing apparatus 1 executes 

ffl incorporated functions and stored software programs including 

Z=l application programs . Therefore, the target for mode setting and 

fU detection is the mode in execution of incorporated function and 

20 software program. The modes include text mode, graphic mode, 
I J displaying mode in a plurality of layers, data inputting mode 

and data displaying mode, etc. One of these modes may be selected 
or a plurality of these modes may be set* 

When a detection signal indicative of the setting that data 
25 input is allowed is input, the brightness controller 30 can 
determine that the brightness of the backlighting is reduced. 
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Such a determination makes it possible to suppress to a minimum 
level necessary for data displaying the brightness of the 
backlight, which is conventionally set to a relatively high level 
talcing into account the visibility condition of the user and 
5 design factors, etc. Therefore, power consumption more than 
necessary can be suppressed. 

Referring to fig. 7, when the portable Information 
processing apparatus 1 is powered on, a menu of executable 
software programs is displayed (step S50). When a software 
10 program to be executed is selected from this menu, the selected 
program starts running (step S52). At the time of starting 
execution, the mode setting section 10 sets the mode of the 
software program to be executed (step S54). The set mode is 
~i detected by the mode detecting section 20 (step S56 ) and sent 

! ; y 15 to the brightness controller 30 as a mode detection signal. 
^L: Upon receipt of the mode detection signal, the brightness 

01 controller 30 determines the brightness depending on the 

currently set mode and sends the determination signal to the LED 
FU controller 40 (step S58). Then, the LED controller 40 adjusts 

20 the brightness of the backlighting based on the determination 
O signal (step S60). Then, the steps S56-S60 are repeatedly 

performed every time the mode is switched to a new one (YES at 
step S62) . 

The portable Information processing apparatus 1 may be 
2 5 provided with a brightness selecting section 60 as shown in FIG. 
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3. In this case, tlie operations from the steps 512-16 of FIG. 
6 (brightness selection by the user) can be performed. 

Such a configuration of the portable information processing 
apparatus 1 makes it possible to adjust the brightness of the 
5 backlighting LED unit 50 suited to a software program currently 
being executed. Thereby, it is possible to suppress power 
consumption to a minimum. 

In this embodiment, the mode detecting section 20 detects 
the mode set by the mode setting section 10 and the brightness 
10 controller 30 determines the brightness of the backlighting LED 
unit 50 based on the detected mode setting content- However, in 
the case where the application software to be executed 
%Q incorporates a program designating the brightness of the 

^ 1 backlighting (brightness designating program) , it is also 

UJ 15 possible to execute this brightness designating program to adjust 
,n the brightness of the backlighting led unit 50- 

£ Such an application program makes it possible to backlight 

Q the display and the input device at specified brightness of a 

|Lif required amount, resulting in reduced power consumption to a 

fy 20 necessary minimum. 

j 5 ^ In addition to the mobile telephone and the portable 

Information processing apparatus described in the above 
embodiments, an electronic apparatus according to the present 
invention can also be configured by another device or apparatus 
25 provided with a display such as LCD. For example, when the 

present invention is applied to a digital display clock including 
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an LCD , it is possible to adjust the brightness of the backlighting 
depending on a function execution status such as a normal time 
displaying status, data input status for coxxection o£ the time, 
and other modes of respective functions . 
5 Furthermore, when the present invention Is applied to a 

liquid- crystal Television set, a car navigation system, etc. , 
it is possible to adjust the brightness of the backlighting 
depending on a display mode, for example, character displaying 
mode or image displaying mode. In the case of a LCD display game 

10 machine, it is also possible to enhance stage effects by changing 
the brightness of the backlighting depending on the type of a 
game or the development of a 6tory in progress . 

As described above, the electronic apparatus according to 
the present invention can adjust the brightness of the 

15 backlighting depending on a currently set mode of an Incorporated 
function or a stored software program. Therefore, the electronic 
apparatus according to the present invention can suppress power 
consumption of the backlighting to a necessary minimum and extend 
the life of a battery. 

20 Further, it is possible for the user to obtain the 

brightness that the user recognizes it necessary by provision 
of means for making the user select whether the brightness of 
the backlighting should be changed or not , thereby making it 
possible to effectively use power. 

25 In the case where the data input mode is set, the brightness 

of the backlighting can be reduced. Therefore, excess power 
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consumption can be avoided when the backlighting is continuously 
needed. 

Furthermore, Incorporating a brightness designating 
program into application software makes it possible to adjust 
5 the backlight to a level of brightness necessary to execute an 
application program and thereby suppress power consumption 
effectively, 

Moreover, connecting a plurality of resistors or a chopper 
circuit in series to LEDs making up the backlighting LED unit 
10 in the brightness controller and providing a selector switch to 
change between these resistors make it possible to adjust the 
brightness of the backlighting with a small and simple circuit. 



